Endoxifen (4-hydroxy-N-desmethyl-tamoxifen), one of the major active metabolites of tamoxifen, has substantially greater estrogen antagonist properties and antiproliferative effects in breast tumor cells than tamoxifen, a mixed estrogen agonist/antagonist. An associated risk of endometrial cancer and hyperplasia has been linked to the estrogen agonist properties of tamoxifen. We evaluated endoxifen using a classic uterotrophic effects method. Rats were given endoxifen or tamoxifen orally for 3 days. Estradiol was the positive control. Endoxifen and tamoxifen plasma levels exceeded those previously observed clinically. Uterine weight was 3-fold higher in the estradiol group than in the tamoxifen or endoxifen groups, which did not differ from vehicle controls. Tamoxifen and endoxifen caused a greater increase in luminal epithelial cell height than estradiol. Both tamoxifen and endoxifen produced an increase in the stromal BrdU labeling index (LI) that was estradiol and inversely related to dose, but did not affect luminal epithelial cell BrdU LI. As expected, estradiol increased luminal epithelial cell proliferation. These results indicate that endoxifen induces uterotrophic effects, but is less potent than estradiol in eliciting these effects. Given prior preclinical observations that endoxifen has superior antitumor activity than tamoxifen, the observations of similar uterine effects suggest that the endoxifen risk/benefit ratio may be superior to tamoxifen.
INTRODUCTION
The investigational anticancer drug endoxifen (4-hydroxy-N-desmethyl-tamoxifen) is generated by CYP2D6-mediated bioactivation of tamoxifen and is thought to be a major contributor to the anticancer activity of tamoxifen Ahmad et al. 2010a; Ahmad et al. 2010b; Johnson et al. 2004; Lim et al. 2006; Reid et al. 2010; Safgren et al. 2012) . For several key reasons, primary administration of endoxifen is expected to address limitations associated with CYP2D6-dependent generation of endoxifen from tamoxifen. The response rate in breast cancer patients taking tamoxifen is correlated with the CYP2D6 genotype (Goetz et al. 2007; Jeppesen et al. 1996; Johnson et al. 2004; Stearns et al. 2003) . Patients who carry genetic variants of CYP2D6 (i.e., reduced or absent enzyme activity) have a shorter time before recurrence and shorter relapse-free survival compared to patients that extensively metabolize tamoxifen (Goetz et al. 2007; Goetz et al. 2013; Karle et al. 2013; Schroth et al. 2009 ). Similarly, breast cancer patients taking concomitant medications known to inhibit CYP2D6 activity, such as selective serotonin reuptake inhibitors, have a decreased response to tamoxifen (Jin et al. 2005; Kelly et al. 2010; Stearns et al. 2003) .
Tamoxifen is also associated with an increased risk of endometrial cancer in women (Bernstein et al. 1999; Fornander, Hellstrom, and Moberger 1993; Iqbal et al. 2012 ). This risk has been linked to the estrogen agonist properties of tamoxifen and potentially, its active metabolites. Endoxifen has been reported by multiple independent groups to have approximately 100-fold greater affinity for the estrogen receptor as well as substantially greater effects on cell proliferation compared to the parent compound, tamoxifen. However, its effects on the estrogen receptor (ER) and proliferation appear to be similar to 4-OH-tamoxifen (Hawse et al. 2013; Johnson et al. 2004; Wu et al. 2009; Wu et al. 2011) , and it has potent activity against tamoxifenrefractory tumors preclinically (Reinicke et al. 2011) .
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The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: Supported by National Cancer Institute contracts N01-CM-42203, N01-CM-52206, and N02-CM-27009. positive breast cancer (NCT01327781 and NCT01273168); therefore, it is critical to evaluate the potential uterotrophic effects of endoxifen. To assess whether endoxifen would have similar effects on the endometrium as tamoxifen, we compared the cell proliferative effects of endoxifen with tamoxifen using a validated rat uterotrophic model (Carthew et al. 1999; Kanno et al. 2001; Kanno et al. 2003a Kanno et al. , 2003b Owens and Koëter 2003) . Our results suggest that endoxifen has similar effects compared to tamoxifen in this model, suggesting that it fits the classification of a selective estrogen receptor modulator.
MATERIALS AND METHODS

Test Articles
Endoxifen hydrochloride (4-hydroxy-N-desmethyl-tamoxifen; NSC 750393) was obtained from the Developmental Therapeutics Program, National Cancer Institute (Bethesda, MD). Tamoxifen citrate salt and 1,3,5(10)-estratriene-3,17b-diol 3-benzoate (estradiol) were purchased from Sigma-Aldrich (St. Louis, MO). Formulations were prepared under yellow light in a sterile laminar flow hood. Endoxifen was prepared in sterile water (VWR International, LLC, Brisbane, CA). Tamoxifen was prepared in 10% Tween 80 (Aldrich Chemical Company, Inc. Allentown, PA), 15% PEG 400 (Spectrum Chemical Mfg. Corp., Gardena, CA), and 75% sterile water (VWR International, LLC, Brisbane, CA). Estradiol was prepared in 1,2,3-tricapryloylglycerol (Tricaprylin, Sigma-Aldrich, St. Louis, MO).
Animals and Treatment
The study was conducted using the Guide for the Care and Use of Laboratory Animals (National Research Council 1996) , and the U.S. Department of Agriculture through the Animal Welfare Act, as well as current Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) recommendations. Ovariectomized Sprague-Dawley rats (Harlan, Livermore, CA) were 11 to 12 weeks old at study initiation. Five females/group were given tamoxifen (20 or 200 mg/kg/ day) or endoxifen (5, 80, or 200 mg/kg/day). The test articles were administered once daily on days 1 to 3 by oral gavage. The positive control estradiol was given as a subcutaneous injection on days 1 to 3 to a separate group of five female rats. Vehicle control groups (5 females/group) were included for endoxifen and tamoxifen. All rats on study were given a continuous 3-day subcutaneous infusion (days 1-3) of 5-bromo-2 0 -deoxyuridine (BrdU; Sigma-Aldrich, St. Louis, MO) in 0.9% sodium chloride for injection (VWR International, LLC, Brisbane, CA) for the purpose of measuring cell proliferation in the uterus. BrdU was delivered by a surgically implanted Alzet osmotic pump (Alzet, Cupertino, CA; Cat 2ML1) at an infusion rate of 10 ml/hr (200 mg BrdU/hr or 4.8 mg BrdU/day). Rats were euthanized on day 4, and the uterus from each rat was weighed, fixed in 10% neutral-buffered formalin, and processed for histomorphometric and cell proliferation measurements as described subsequently.
Plasma Drug-Level Determinations
Blood was collected from all rats on day 3 for determination of tamoxifen and endoxifen plasma levels at 2 hrs post-dose (T max for tamoxifen, where T max is the time to reach peak plasma concentration), 4 hrs post-dose (T max of endoxifen after endoxifen dosing), and 6 hrs post-dose (T max of endoxifen after tamoxifen dosing; T max values were obtained from a prior rat pharmacokinetic study conducted for the National Cancer Institute by Southern Research Institute, Birmingham, AL).
Samples were collected in amber tubes and all sample preparation procedures were performed in the dark under minimum exposure to light. Plasma concentrations of tamoxifen, endoxifen, 4-OH-tamoxifen, and N-desmethyl-tamoxifen were measured using a modification of the high-performance liquid chromatography (HPLC) assay described by Lee et al. (2003) with a C18 column, fluorescence detection, and toremifene as the internal standard.
Necropsy and Histology
The uterus was collected in situ from all rats, weighed with fluid, and placed in 10% neutral-buffered formalin. For each animal, 1 section of uterine body and 3 transverse sections from each uterine horn were embedded in paraffin for sectioning and staining. One hematoxylin and eosin (H&E)-stained slide and 1 BrdU-immunostained slide were prepared from each block for microscopic evaluation.
Immunohistochemistry for BrdU Incorporation into DNA
Sections (*5 mm thick) of paraffin-embedded tissues were placed on positively charged slides (Superfrost Plus, Fisher Scientific, Pittsburgh, PA) to ensure adhesion during processing for BrdU. Standard immunohistochemical methods were used to stain tissues for BrdU (Eldridge et al. 1990 ). Briefly, tissue sections were deparaffinized in xylene, passed through graded alcohols, and treated with 1N HCl for 1 hr at 40 C. In order to further expose antigenic sites, tissues were incubated in citrate buffer for 60 min in a pressure cooker. Endogenous peroxidase was inhibited with 1% hydrogen peroxidate for 20 min at room temperature. Sections were incubated with normal horse serum for 20 min at room temperature followed by incubation with a monoclonal antibody to BrdU diluted 1:25 (Becton Dickenson, Mountain View, CA) for 1 hr at room temperature. After incubation with the primary antibody, slides were incubated with biotinylated horse anti-mouse IgG (1:200) for 30 min at room temperature. Slides were then incubated with an avidin-biotin peroxidase complex (Vectastain ABC peroxidase kit, Burlingame, CA) for 30 min at room temperature. BrdU incorporation was localized by a final incubation with chromagen 3,3 0 -diaminobenzidine tetrahydrochloride (DAB; Sigma-Aldrich, St. Louis, MO). Tissue sections were counterstained with hematoxylin, dehydrated, and coverslipped. A negative control slide was included in the staining run and consisted of study tissue that was not incubated with the primary antibody. A positive control slide was included in the staining run that consisted of liver and Vol. 42, No. 8, 2014 ENDOXIFEN AND TAMOXIFEN EFFECTS IN RAT UTERUS 1189 duodenum from a rat that had been given BrdU prior to necropsy that has been used historically as a positive control for BrdU immunohistochemical staining. Slides from all animals were stained manually in a single staining run to eliminate potential variability between runs.
Quantitation of BrdU LI
Light microscopy with an eyepiece fitted with a gridded reticle was used for determining the BrdU LI as a measurement of cell proliferation. Positive staining was identified as brown to black nuclear pigment in the nuclei of cells that had incorporated BrdU into the DNA during the S-phase of the cell cycle. Slides were first examined at low magnification (10Â) to judge quality of staining, processing and sectioning, pattern of cell labeling, and potential histomorphologic changes. Histomorphologic changes were further assessed by evaluating the corresponding H&E slide from each animal. The BrdU LI was then quantified at higher magnification (20Â).
BrdU labeling indices for the endometrial stroma were determined by examining 1,000 nuclei per transverse section per animal (excluding the glandular epithelium). Three different transverse sections of uterus were quantified per animal representing proximal, medial and distal parts, and the mean value was calculated for each animal as well as each dose group. Thus, a total of 3,000 nuclei were scored per animal and the LI expressed as the percentage of BrdU labeled cells in the stroma.
BrdU labeling indices were also evaluated for the luminal epithelium by determining the percentage of BrdU-labeled luminal epithelial cells in 3 different transverse sections of uterus representing proximal, medial, and distal parts. At least 100 cells were scored per section for a total of at least 300 luminal epithelial cells per animal. The mean LI, expressed as a percentage, was calculated for each animal as well as for each dose group.
Histomorphometry
From the H&E slides, luminal epithelial cell height was measured manually by light microscopy using an eyepiece fitted with a calibrated gridded reticle. Three measurements of luminal epithelial height were made per transverse uterine cross section for 3 different sampling sites in the uterus representing the proximal, medial, and distal parts. Mean luminal epithelial height values were calculated for each individual animal as well as for each dose group.
STATISTICAL ANALYSIS
Results are presented as the mean and standard error of the mean for each endpoint. The Student's t-test (two-sided, unequal variance) was used to test for statistical significance in uterine weight, BrdU LI (stroma and luminal epithelium) and luminal cell height comparing tamoxifen and endoxifen treatment groups to their respective vehicle control group. A p value .05 was considered statistically significant.
RESULTS
Plasma Drug Levels
Mean plasma levels of tamoxifen, endoxifen, 4-OHtamoxifen, and N-desmethyl-tamoxifen are reported in Table 1 . Tamoxifen plasma levels were dose proportional, that is, 924 nM and 8,380 nM, after a dose of 20 and 200 mg/kg/day, respectively. These plasma levels exceed the plasma levels (200-300 nM) noted in humans who received a therapeutic dose of tamoxifen (20 mg daily; Jin et al. 2005) . Endoxifen plasma levels in rats dosed with tamoxifen were 69.4 nM and 129 nM after a dose of 20 or 200 mg/kg/day, respectively. Plasma levels of 4-OH-tamoxifen and N-desmethyl-tamoxifen were undetectable after administration of endoxifen. Endoxifen plasma levels in rats dosed with endoxifen ranged from 168 nM (5 mg/kg/day) to 9,620 nM (200 mg/kg/day). Plasma levels of endoxifen resulting from either tamoxifen or endoxifen treatment were similar to or exceeded plasma levels of endoxifen (20-180 nM) found in humans given a therapeutic dose of tamoxifen (Jin et al. 2005) . Endoxifen levels also exceeded the plasma concentrations (35.4-52.3 ng/ml or 86.5-127.9 nM) of endoxifen noted in a clinical trial in which 4 mg/kg/day endoxifen was given orally (Ahmad et al. 2010b ).
Treatment-related Effects on Body and Organ Weights
All rats survived to scheduled necropsy. Since significant body weight losses were seen in endoxifen dose groups given 80 or 200 mg/kg/day (Table 2) , uterine organ wet weights were calculated as a percentage of body weight (Figure 1 ). There were no significant changes in uterine weight as a percentage of body weight in any tamoxifen or endoxifen treated group compared to the corresponding vehicle control group. Mean percentage uterine weight in the positive control (estradiol) group was approximately 2-fold or 3-fold higher than in the tamoxifen or endoxifen groups, respectively.
Hypertrophy of Luminal Epithelial Cells of the Uterus in Response to Treatment
All doses of tamoxifen and endoxifen caused an increase in luminal epithelial cell height that was significantly greater than the respective vehicle control group (Figure 2 ). Luminal epithelial cell height was approximately 2-fold greater than vehicle control in the tamoxifen-treated groups, and approximately 3-fold greater than the corresponding vehicle control in the endoxifen-treated groups. Luminal epithelial cell height in the tamoxifen and endoxifen treated groups was less than 2-fold greater than the estradiol-treated group. Luminal epithelial cell height in the endoxifen-treated groups was similar to the 20-mg/kg/day tamoxifen-treated group, and slightly lower than the 200-mg/kg/day tamoxifen-treated group. Representative photomicrographs showing luminal epithelial cell height are shown in Figure 3 .
BrdU Labeling Indices in Stromal and Luminal Compartments of Uterus in Response to Treatment
Compared to the corresponding vehicle control group (Tween 80/PEG 400), the low dose tamoxifen group (20 mg/kg/day) had a significant increase in stromal BrdU LI that was 2.8-fold greater than its vehicle control group, whereas stromal BrdU LI in the high-dose tamoxifen group (200 mg/kg/day) did not differ significantly from vehicle control (Figure 4 ). Stromal BrdU LI was significantly greater than the corresponding vehicle control group (water) in all endoxifen-treated groups. Compared to its vehicle group, 5-mg/kg/day, 80-mg/kg/day, and 200-mg/ kg/day endoxifen resulted in a 6.5-fold, 5.5-fold, and 3.7-fold increase in stromal BrdU LI. For both tamoxifen and endoxifen, the stromal BrdU LI was inversely related to dose. The group mean stromal BrdU LI for 20-mg/kg/day and 200-mg/kg/day tamoxifen-treated animals were 87% and 39% of estradiol, respectively. In endoxifen-treated animals, the mean stromal BrdU LI were 93%, 78%, and 53% of estradiol at 5 mg/kg/day, 80 mg/kg/day, and 200 mg/kg/day, respectively. The stromal BrdU LI in the 5-mg/kg/day and 80-mg/kg/day endoxifentreated groups was similar to the 20-mg/kg/day tamoxifentreated group. The LI for the 200-mg/kg/day endoxifen-treated group was intermediate between the 2 tamoxifen-treated groups.
In the luminal epithelium, with the exception of the 20-mg/ kg/day tamoxifen-treated group, the BrdU LI in all tamoxifen and endoxifen dose groups did not differ significantly compared to the respective vehicle control groups ( Figure 5 ). Although not statistically significant compared to vehicle controls, there was an apparent dose-related increase in luminal cell BrdU LI for both tamoxifen and endoxifen; however, the mean group values for all tamoxifen and endoxifen treated groups were less than the estradiol group by 2-to 3-fold. The BrdU LI for the 5-mg/kg/day endoxifen-treated group was intermediate between the 2 tamoxifen-treated groups, whereas the 80-mg/kg/day and 200-mg/kg/day endoxifen group had an LI similar to the 200-mg/kg/day tamoxifen-treated group. It is worthy to note that in both vehicle control groups, there was 1 animal with a luminal epithelial cell BrdU LI that approached 100%. The reason for this is unclear. Given that the stromal BrdU LI for these 2 animals was within the same range as other vehicle control animals, the high BrdU LI observed in the luminal epithelium in these 2 animals does not appear to be a staining artifact. Furthermore, all slides from all animals on study were stained in a single staining run to prevent potential variability between staining runs.
Representative photomicrographs demonstrating BrdU immunohistochemical staining in the endometrial stroma and luminal epithelium of treated animals are shown in Figure 6 .
DISCUSSION
Our data show that endoxifen and tamoxifen have similar biological effects on the uterus of ovariectomized rats implying a similar uterotrophic effect. Therefore, despite endoxifen's greater anti-estrogenic effects in breast cancer cells compared to tamoxifen (Hawse et al. 2013; Wu et al. 2009; Wu et al. 2011) , its uterotrophic effects are similar to tamoxifen, suggesting a potential improved risk/benefit ratio with endoxifen compared to tamoxifen. Luminal cell height, cell proliferation via BrdU LI in both the luminal epithelium and endometrial stroma of the uterus, and uterine weight were evaluated in ovariectomized rats after oral treatment with tamoxifen or endoxifen for 3 days (modified from Carthew et al. 1999) .
Endometrial changes that have been reported in rats given tamoxifen subcutaneously or orally using this model include luminal epithelial cell hypertrophy, increased uterine weight, increased cell proliferation in the endometrial stroma and myometrium, and increased expression of nuclear estrogen receptor a and nuclear progesterone receptor (Carthew et al. 1999; Kwekel et al. 2009; Stygar et al. 2003) .
Although uterine wet weight increased in rats in our study given the positive control (estradiol), no changes were noted after tamoxifen or endoxifen treatment. This result differs from several previous studies in ovariectomized rats, in which tamoxifen given orally or subcutaneously for 2 or 3 days increased uterine wet weight (Carthew et al. 1999; Kwekel et al. 2009; Stygar et al. 2003) . The lack of increased uterine weight in our study is probably unrelated to tamoxifen plasma levels, since uterine wet weight increased in a study in which tamoxifen was given orally daily for 3 days to ovariectomized rats at a much lower dose (0.1 mg/kg/day) than what was used in our study (20 or 200 mg/kg/day; Kwekel et al. 2009 ). However, in other studies using ovariectomized rats, estradiol produced fluid accumulation in the uterus, whereas tamoxifen and other partial estrogen agonists did not (Carthew et al. 1999; O'Connor et al. 1996) . A number of factors may account for study differences in uterine weight, including water retention, cell proliferation, vascular permeability, estrogen agonist properties, route of drug exposure, and animal strain (Bailey and Nephew 2002; Barton et al. 1998; Carthew et al. 1999; Clark and Peck 1979; Reel, Lamb, and Neal 1996) . There was an inverse relationship between dose and stromal cell proliferation associated with tamoxifen or endoxifen administration. In contrast, increased doses of tamoxifen or endoxifen were associated with a dose-dependent increase in luminal epithelial cell proliferation. Cell proliferation in both the stroma and the luminal epithelium was similar between the endoxifen-and tamoxifen-treated groups. Cell proliferation in both compartments was lower in the tamoxifen-and endoxifen-treated groups compared to the estradiol group, with the exception of low-dose tamoxifen and endoxifen, which produced a stromal cell proliferative response similar to estradiol. The increases in luminal epithelial cell height and stromal cell proliferation were not reflected by a concomitant increase in relative uterine weight. It is not known how much of an increase in cell hypertrophy and/or proliferation is needed to translate to an increase in organ weight. Furthermore, in most uterotrophic assays, an increase in uterine weight typically results from water imbibition. Thus, uterotrophic responses may consist of cell proliferation, hypertrophy, and/or water imbibition. The reduction in BrdU-labeled cells in the stroma at higher doses of tamoxifen and endoxifen may be associated with cells being arrested in S-phase or blocking entry of these cells into the next cell cycle. However, this study was not designed to investigate this hypothesis.
Our histomorphology study results agree with previously published data for tamoxifen and estradiol; that is, increased luminal epithelial cell height (i.e., hypertrophy) has been documented previously in ovariectomized rats treated with these FIGURE 2.-Hypertrophy as determined by luminal epithelial cell height in ovariectomized rats after treatment with estradiol, tamoxifen, or endoxifen. Rats were administered tamoxifen or endoxifen once daily for 3 days by oral gavage, and euthanized on day 4. The vehicle control groups for tamoxifen and endoxifen were given 10% Tween 80/15% PEG 400 or sterile water, respectively, via the same route and schedule. The positive control group was given 17-b-estradiol benzoate (estradiol) subcutaneously on the same schedule. zStatistically significant at the 5% level compared to vehicle (Tween 80/PEG 400) control; *statistically significant at the 5% level compared to vehicle (water) control. Each data point represents the mean and standard error of the mean for 5 animals per group. FIGURE 1.-Uterine weight (percentage of body weight) of ovariectomized rats after treatment with estradiol, tamoxifen, or endoxifen. Rats were administered tamoxifen or endoxifen once daily for 3 days by oral gavage, and euthanized on day 4. The vehicle control groups for tamoxifen and endoxifen were given 10% Tween 80/15% PEG 400 or sterile water, respectively, via the same route and schedule. The positive control group was given 17-b-estradiol benzoate (estradiol) subcutaneously on the same schedule. No statistically significant changes were noted in uterine weight with tamoxifen or endoxifen compared to respective vehicle controls. Each data point represents the mean and standard error of the mean for 5 animals per group. compounds (Carthew et al. 1999; Kwekel et al. 2009; Stygar et al. 2003) . Also, the cell proliferation results in our study are similar to those of Carthew et al. (1999) , who found less cell proliferation at 72 hr in the uterine stroma of Wistar rats given tamoxifen (1 mg/kg/day subcutaneously, once daily for 3 days) compared to estradiol. However, our results for the proliferative effects of tamoxifen and estradiol on luminal epithelium differ from those of Carthew et al., who found that the BrdU LI did not differ at 72 hr in rats given tamoxifen or estradiol. The route of administration (subcutaneous vs. oral) may explain the dissimilar results for tamoxifen, since metabolite levels and biodistribution likely differ after oral dosing versus subcutaneous dosing. The plasma levels of tamoxifen and N-desmethyltamoxifen in rats given 200-mg/kg tamoxifen orally are similar to those in humans administered a standard (20 mg) daily tamoxifen dose (Robinson et al. 1991) ; however, 4-OHtamoxifen levels are much higher in rats than in humans. Given that endoxifen and 4-OH-tamoxifen are equipotent in terms of binding affinity for the estrogen receptor (Johnson et al. 2004) and that the binding affinity of 4-OH-tamoxifen is 30-to 100-fold greater than tamoxifen, endoxifen and 4-OH-tamoxifen may be out-competing tamoxifen for the estrogen receptor in the rat. This limitation in the model regarding tamoxifen dosing does not affect data interpretation resulting from endoxifen dosing. Our results suggest that, in terms of organ weight (uterus), histomorphology (luminal epithelial cell height), and cell proliferation in the stroma and luminal epithelium of the uterus, endoxifen has similar uterotrophic effects to tamoxifen when administered orally to rats. Given prior preclinical observations that endoxifen has superior antitumor activity than tamoxifen, these observations of similar uterine effects suggest that the endoxifen risk/benefit ratio may be superior to tamoxifen. FIGURE 5.-5-bromo-2 0 -deoxyuridine (BrdU) labeling index in the luminal epithelium of ovariectomized rats after treatment with estradiol, tamoxifen, or endoxifen. Rats were administered tamoxifen or endoxifen once daily for 3 days by oral gavage, and euthanized on day 4. The vehicle control groups for tamoxifen and endoxifen were given 10% Tween 80/15% PEG 400 or sterile water, respectively, via the same route and schedule. The positive control group was given 17-b-estradiol benzoate (estradiol) subcutaneously on the same schedule. A continuous 3-day subcutaneous infusion of BrdU was given on days 1 to 3 to all rats. Each data point represents the mean and standard error of the mean for 5 animals per group. FIGURE 4.-5-bromo-2 0 -deoxyuridine (BrdU) labeling index (LI) in the endometrial stroma of ovariectomized rats after treatment with estradiol, tamoxifen, or endoxifen. Rats were administered tamoxifen or endoxifen once daily for 3 days by oral gavage, and euthanized on day 4. The vehicle control groups for tamoxifen and endoxifen were given 10% Tween 80/15% PEG 400 or sterile water, respectively, via the same route and schedule. The positive control group was given 17-b-estradiol benzoate (estradiol) subcutaneously on the same schedule. A continuous 3-day subcutaneous infusion of BrdU was given on days 1-3 to all rats. zStatistically significant at the 5% level compared to vehicle (Tween 80/PEG 400) control; *statistically significant at the 5% level compared to vehicle (water) control. Each data point represents the mean and standard error of the mean for 5 animals per group. 1194 SCHWEIKART ET AL. TOXICOLOGIC PATHOLOGY FIGURE 6.-5-bromo-2 0 -deoxyuridine (BrdU) immunostained sections demonstrating cell proliferation (brown staining) in luminal epithelial (L) and stromal (S) compartments of rat uterus. Compared to the positive estradiol control (A), cell proliferation was significantly less in both the luminal epithelium and stroma at 200-mg/kg/day tamoxifen (B) and 200-mg/kg/day endoxifen (C). Cell proliferation in the luminal epithelium was also significantly less than the positive control in the lower dose groups of both tamoxifen (20 mg/kg/day) and endoxifen (80 and 5 mg/kg/day; see Figure 5 for data). Stromal cell proliferation was significantly less than the positive control at 200-mg/kg/ day tamoxifen, but not at 20 mg/kg/day. Additionally, stromal cell proliferation was significantly less than the positive control at 80-mg/kg/day endoxifen, but not at 5 mg/kg/day (see Figure 4 for data). 20Â objective; bar ¼ 100 mm. Vol. 42, No. 8, 2014 ENDOXIFEN AND TAMOXIFEN EFFECTS IN RAT UTERUS
